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INTRODUCTION

Veget ati on dom nated by species of sagebrush (Artemisia L.)
occupi es a substantial portion of the 11 western states, with the
bul k of the distribution in Utah, Nevada, southern |daho, eastern
Oregon, western Montana, Wom ng, and Col orado (Bl aisdell et al.
1982). This vegetation type is generally characterized as
sagebrush steppe (Barbour et al, 1987). \Vegetation is doninated
by species and subspecies of sagebrush. Oher associated shrub
species can include: rabbit brush (Chrysothamnus nauseosus
(Pursh) Britton), greasewood (Sarcobatus vermiculatus (Hook.)
Torr.), saltbush (Atriplex (Tourn) L.). Native bunchgrasses in
t he sagebrush ecosystem i nclude species of Festuca, Poa,
Agropyron, Sitanion, Oryzopsis, and Stipa. Qccasional herbaceous
perenni als occupy sites within these sagebrush/bunchgrass

conpl exes.

Sone areas of sagebrush steppe habitat has been
converted to farm and, while other areas have been degraded by
i vestock overgrazing and repeated fires. This has resulted in
reduced shrub and native bunchgrass cover and invasion by exotic
annual grasses such as Bromus tectorum and Taeniatherum caput-
medusae (West 1988). I nsout hwestern |daho, the conversion of
t he Sagebrush steppe to annual grassland has resulted in

increased fire frequency to intervals of less than 5 years.

The sagebrush steppe of southwestern Idaho and eastern



Oregon extends from el evations of approximately 2000 ft (610 m)
to about 9500 ft (2896 m). Annual precipitation would be |ess
than 20 inches per year, and would conme nostly in the form of
winter snow and spring rain, nostly in the nonths of My and

June.

The sagebrush steppe habitat of southwestern |daho and
eastern Oregon are represented by a range of soil conditions.
This variability in the soils reflects the diversity in
t opography and parent materials found in the areas. The wide
valley floors of the basin and Range Province of the Snake River
Plain have soils classified as Calcixerolls, Argixerolls, and
Cal ciorthi ds. In eastern Oregon, these regions of Basin and
Range Province have soils classified as Hapl argids, Durargids,

and Vitandepts. The Hgh Lava Plains-Province as found in parts
of Central Oregon has soils classified as Hapl argids,

Canborthids, and Vitandepts.



VESI CULAR- ARBUSCULAR MYCORRHIZAE

The term nycorrhizae defines a structural as well as
functional association: A nycorrhizae is a nmutualistic synbiosis
bet ween plant and fungus localized in a root in which energy
(carbon conmpounds) nove primarily from plant to fungus and

i norgani ¢ resources (principally phosphate) nove from fungus to

pl ant .

One type of nycorrhizae is terned an endonycorrhizae. In
endonycorrhi zae, follow ng hyphal penetration into the root, the
hyphae penetrate the cell walls of the corticle cells. These
types are generally called vesicul ar-arbuscul ar mycorrhizae
(vaM) . The intracellular hyphae produce structures that
frequently branch many tines within the host cells. These
structures are known as arbuscules. Arbuscules are the organs
where nutrients and carbon are exchanged between host and fungus.
Typically, also forned are vesicles, Wwhich are fungal storage
units. The hyphae within the cells and older roots are
subsequent |y reabsorbed by the host. The association is
specifically referred to as a vesicul ar-arbuscul ar mnycorrhi zae
(vam). vaM are found in nearly all famlies of angi osperns and

in sone ferns, nbsses, and |iverworts.

Vesi cul ar - ar buscul ar nycorrhi zal (VAM associations are found
in a broad range of habitats, including the sem -arid grasslands.

Not only are these associations geographically w despread, but




within nost communities surveyed, nycorrhizae are abundant both
wi thin individual root systenms and anong the array of plant
speci es present. For exanple, in sem-arid grassland, 95% of the
domi nant plant species have nycorrhizae, and as nuch as.96% of

the root |length can be colonized (Davidson & Christensen, 1977).

VAM fungal reproductive structures are in the form of
external spores, which are formed either singly or in snal
nmasses. These spores, plus hyphal fragments, and root segnents
represent propagules which can be dispersed and utilized as
i nocul um for new host plant colonization. The primary vectors
for dispersal of mycorrhizal inoculum are wind and aninals. VA
mycorrhi zal fungi have been denonstrated to be w nd-blown up to 2
km (Warner et al., 1987). A wide range of animals are known to
di sperse nycorrhizal fungal propagules, and generally, any
animal s that noves soil can cause the mgration of nycorrhiza
fungi. O particular interest in shrub deserts are harvester
ants, where they will concentrate nycorrhizal inoculum by Iining
their seed chanbers and tunnels with roots containing a high

density of nycorrhizal fungi (Friese and Allen, 1988).

It is well established that nost of the plants characteristic
of shrub steppe habitat are associated with vesicul ar-arbuscul ar
mycorrhizal fungi (endonycorrhizal fungi). VAM associations are
wi despread anong plant famlies and very few famlies are non
mycotrophic. Hence, in sagebrush steppe plants belonging to the

Ast er aceae, Poaceae., and Rosaceae are usually nycorrhizal. Non-




nmycot rophy appears to be restricted to famlies such as the

Chenooodi aceae, Brassi caceae, Anarant haceae, 'and Zvaovhvllaceae

(Trappe, 1981). However, wthin these non-nmycotrophic famlies,
it has been reported that in arid ecosystens species of these

plants will becone nycorrhizal

VAM fungi involved are species of the Endogonaceae
(Zygomycetes) (Gerdemann and Trappe, 1974). Only three genera of
VAM fungi are known to form associations wth plants in the
shrub-steppe habitat of southwestern |Idaho and eastern O egon.
These genera are: Glomus Tul. & C. Tul., Gigaspora Cerdemann &

Trappe, and Acaulospora CGerdenmann & Trappe.



VESICULAR-ARBUSCULAR MYCORRHIZAE FROM SAGEBRUSH-STEPPE HABITAT OF

WESTERN IDAHO AND PARTS OF CENTRAL AND EASTERN OREGON

Table 1. lists the inportant shrub species of the southern
Col unbi a Basin that have been reported to form vaM. The species
of plants are listed by famly. Few reports exist on species of
VAM fungi associated with arid land shrubs in the southwestern
| daho/ sout heastern Oregon region of the Colunbia Basin. Reports
on the shrub species of this region have cone from Gurr and
W ckl ow Howard, 1994; Rose, 1980; Rose and Trappe, 19' 80; Wicklow-
Howar d, 1982; W ckl ow Howard, 1985.

For each species of plant, the general site within
sout hwestern ldaho and eastern Oregon is given. |f the VAM
fungus was identified in the report, the fungus name is given.
Several plants are identified as being VAM but the fungal

species is not known.

The species, although limted in nunber, appear to be
wi despread within their specific habitats. The central Oregon
speci es, associated with plants growng in vol canic ash and sand
soils are somewhat simlar throughout the site. Glomus .
gerdemannii has been reported only in these pumce soils in
Oregon associated with Ceanothus velutinus and Pursia tridentata
(Rose, Daniels and Trappee, 1979). This may be an exanple of a

singl e species being restricted to specific shrubs.




When conpared to species fromthe |ower elevations, drier
climate, the species are seen to be different. I'n sout hwestern
| daho sites, Glomus microcarpus appears to be a dom nant

species. O her VAM species remain undeterm ned.

St udi es on vesi cul ar-arbuscul ar nycorrhi zal associations of
shrub and shrub-like plants of arid and semarid |ands worl dw de
show the sane three genera of VAM fungi. A listing of the shrub
species and their associated VAM fungi are presented by Lindsey
(1984). Included in this list are sagebrush dom nated sites in
Woni ng and Col orado. Although the listing includes a w de
variety of shrub species which denonstrate VAM col oni zation, few
of these studies have identified the species of fungus involved.
Studi es of Artemisia tridentata fromsites in New Mexico,
identify a nunber of VAM fungal species, including Glomus
fasciculatum, Glomus macrocarpum, Glomus microcarpum, Glomus
mosseae, Gilgaspora margarita, Glomus sp., Acaulospora sp., and
Gigaspora sp. (Lindsey, 1984). Bet hl enf al vay et al (1985)
reported mycorrhizal colonization for a big sagebrush (Artemisia
tridentata spp. Wyomingensis) grassland comunity in Central
Nevada. Glomus mosseae (Nicol. & Cerd.) Gerd & Trappe and Glomus
constrictum Trappe were isolated. On sites in semarid range in
Nort hern Nevada, Bethlenfalvay and Dakessian (1984) reported on
the presence of Glomus fasiculatum (Thaxt. sensu Gerd.) and
Glomus clarum Nichol. & Schenck. There is need for further work

on the shrubs and their associated VAM species within the

Col unbi a Basin assessnent area.




Table 2 is a list of reported vesicul ar-arbuscul ar
mycorrhi zal associations of perennial grasses and forbs from

sagebrush steppe habitats in western Idaho and parts of eastern

and central O egon. The list includes plant species, collection

site, and VAM fungus, if known. Reports on vesicul ar-arbuscul ar

mycorrhi zae of perennial grasses and forbs in the Colunbia Basin
assessnent cone from the follow ng sources: Maser, Mser, and
Molina (1988); Mdlina, Trappe, and Strickler (1978); Trappe,
(1981); Wckl ow Howard, (1982). W cklow Howard, (1982).

Mol i na and Trappe (1978) studied the mycorrhizal fungi
associated with Festuca in the western United States and Canada.
Plants were collected from grassland comunities wthin eight
states west of the Continental Divide and included four sites
within the Colunbia Basin assessnent. This report on the genus
Festuca is the nobst conplete exam nation avail able of wvesicular-
ar buscul ar nycorrhi zal colonization of plants and the associated
nycorrhizal fungi for the assessnent area. Studies from
sout hwestern I daho sites identify the mycotrophic plants, however

t he associ ated VAM species renai n unknown.




FUNCTIONAL ROLE OF MYCORRHIZAE

Two different types of extramatrical hyphae are produced by
VAM fungi: runner hyphae and absorbing hyphae. Runner hyphae are
t hi ck-wal | ed hyphae that track roots into the soil. The hyphae
that penetrate roots are initiated from runner hyphae. An
underground network of interconnecting runner hyphae can form
between plants of the sane species or different species. VAM
runner hyphae will be found in the interspace regions typical of
sagebr ush- grassl ands. The absorbi ng hyphae form a di chot onously
branchi ng hyphal network extending into the soil from the runner
hyphae. These hyphée appear to be the portions of the fungus
that absorbs nutrients fromthe soil for transport to the host
(Al'len, 1991). The fungal hyphae extending into the soil serves
as an extension of the root systens; extensions that are both
physi ol ogically and geonetrically nore effective for nutrient

absorption than the roots thensel ves (Read, 1984; Read et al.

1985) .

Mycorrhizal root systens are of benefit to their respective
hosts by increasing the capacity of the roots to absorb nutrients
fromthe soil (Marks and Kozl owski, 1973). This is apparently
acconpl i shed in several ways: (1) the root-absorbing surface is
mar kedl y increased (neasurenents have indicated that in sone
instances total root surface was increased 30 tines nore than an
uninfected root); (2) hyphae radiating fromthe nycorrhizal root

is able to penetrate farther into soil than the root hairs of



non-mycorrhizal roots; (3) nore phosphate (P) uptake per unit

area of nycorrhizal roots than nonmycorrhizal roots.

Mycorr hi zae have |ong been known to affect the P nutrition of

host plants, as well as have the ability to absorb other mnera

nutrients. Phosphate, the major form of P available for uptake
by plants, is relatively insoluble in the soil solution and,
therefore, is not readily transported by nass flow.  Thus, as

nmycorrhi zal hyphae explore the bulk soil beyond the root hairs,
additional P is taken up by the hyphae and transported to the

host . Mycorrhi zal hyphae, by growing into the soil matrix, can

gain access to bulk soil P beyond the depletion zones created by
the plant roots (Al len, 1991). Soil P concentrations under the
shrub Artenisia tridentata increased with tine in a successiona
shrub desert but declined in the associated interspace regions

occupi ed by nycorrhizae. Hence,' nycorrhizae may be involved in

t he devel opnent of these "islands of fertility" that characterize

arid regions. (M Allen, 1988; Skujins and Allen, 1986).

The major limting factor for both nutrient uptake and

productivity is drought. VAMinfection has been shown to

i ncrease water uptake and to increase drought tolerance of

several plant species. A suggested nechani sm for enhanced water
uptake is that it is P nediated, i.e. increased uptake of

phosphate by plants results in an increased water uptake and

transpiration (Safir and Nel sen 1985). Alen and Boosalis (1983)

denonstrated that two different VAM species (-S-orus—Faseretattn

10



and G. nosseae) affected the water relations of wheat (Triticum
aestivum differently. G.fasiciculatum inproved the drought
tol erance of wheat and G. npbsseae reduced drought tol erance of

wheat . .

Trent, Svejcar, and Blank (1994) working in sites northwest
of Reno, Nevada quantified VAM arbuscul ar root col oni zation
hyphal root colonization, and nycorrhizal hyphal |ength through
the plant growi ng season for 2 years in Artemisia tridentata SsSp
tridentata and Artemisia tridentata Ssp. vaseyana. In this study
the relationship of these paraneters to changes in both soil
noi sture and tenperature is nmade. Mycorrhizal activity was
greater for the subspecies that received slightly nore
precipitation and occupied a site lower in available nutrients.
Arbuscul e production and hyphal |engths appeared to be nost

closely associated with soil noisture and thus plant activity.

Ni trogen and phosphorus are npbst abundant in upper soil
hori zons (West, 1991), and their availability to plants
di mi ni shes with decreasing soil noisture. Misture novenent from
deep roots in noist soils to shallow roots in dry soils could
make shallow soil nutrients avail able through the process of
hydraulic Iift (Passioura, 1988, Caldwell and Richards, 1989;
Caldwell et al. ,1991). Mvcorrhizae could play a role in this

process (Richards and Cal dwel |, 1987; Caldwell et al., 1991).

Pl ant species vary in their dependency on the fungal

11



endophyt es. Pl ant species are defined as to their nycorrhizal
dependence: Non- mycotrophs, facultative nycotrophs, and obligate
mycot rophs (Janos, 1980). Many non-mycotrophs are ruderal

pi oneers of harsh sites. Facul tative nycotrophs are susceptible
to infection, but may not require it, especially in relatively
fertile environnents. Some grasses, including cheatgrass (Bronmus
tectorum, may be independent of mycorrhizae. Obligate

mycotrophs are those plants which would rarely occur in nature

wi t hout fungal endophytes and are dependent on nycorrhizae to
establish and survive. Many of the shrubs species native to the
Col unbi a Basin assessnment area are obligate nycotrophs and

require VA inocul um

Seedling recruitnent and the diversity of species declines

when VAM fungi are absent froman area. This is particularly
seen during secondary succession (Gine et al., 1987, Gange et
al., 1990) Mbsse et al. (1981) stated that the early
establ i shment phase for a plant may be the stage in its life

cycle when it is nost dependent upon the fungal synbiont.

In summary, VAM fungi have been shown to be of particul ar
benefit to their host plants in nutrient poor soils and extrene
envi ronment s. It has been denobnstrated that the' synbiosis can

have the inmpact of inproving the plants ability to grow in
stressed environnents (Mdlina et al.,1978; MIller, 1979;
Bet hl enfal vay et al., 1984; Allen and Alen, 1986). In stressful

environnents, mycorrhizal species are likely to enjoy a

12




conpetitive advantage over nonnycorrhizal species (Doerr et al.,

1984; Fitter, 1985).

13



SPECIES OF SPECIAL CONCERN

A large nunber of plant species characteristic of sage-brush
steppe habitat in the Colunbia Basin assessnent have been' studied
to determne their nycorrhizal status. The species lists
indicate a large proportion of those plants are nycotrophic and,
in many cases, obligately mycotrophic. O particular inportance,
is the fact that dom nant shrub species and native bunchgrassess
are nycorrhizal. In contrast to the status of our know edge on
the plant host species, we have relatively little know edge of
t he nycorrhizal fungal associ ates. Rel atively few studies have
docunented specifically the VAM fungi for their study sites, and
hence, we have little know edge of the true diversity of VAM
fungi in this habitat. Further, little is known about possible
ecotypi c adaptations and the range of soil and host preferences

of these species.

Until nore information is available on VAM fungal species for
specific sites and for individual plant species, it is not
possible to select fungal species of special concern. Rat her, it
is nore appropriate to discuss the elenents of the plant
comunities that are of special concern in the preservation of
t he nycorrhizal association and nycorrhizal propagul es (hyphae
and/ or spores). Shrub species are one of the inportant conponents
in rangel and systens for initial establishnent and, ultimtely,
mai nt enance of VAM speci es. Goodwi n (1992) docunents the

i nportance of shrubs in the establishnment and recovery of VAM

14




fungi populations in soils, and, further, discusses the

col oni zati on of bunchgrasses by vaM as it relates to their
conpetitive abilities in rangel and systens. |n the Internountain
West, the native bunchgrasses are nycorrhizal, yet alien weeds
(e.g. Bromus tectorum L.) introduced into disturbed sagebrush
steppe habitat will often be nonmycorrhizal. Wen nonnycorrhizal
species of plants establish in disturbed rangeland sites, the VAM
fungal population will decline. In the absence of VAM fungi,
native plants which are normally col onized by VAM fungi have a
difficult time establishing due to lack of a synbiont. Further,
the native plants will be at a conpetitive disadvantage in

capturing limted soil resources as conpared to nonmycorrhizal

alien species. However, if the native nycorrhizal species of
plants are col onized by fungi, then they will out-conpete the

nonnycorrhi zal plant species.

Al t hough the anount of information on species of VAM

associated with specific host plants is limted for the Col unbia
Basi n assessnment, 'that which is available indicates that there is
some degree of host and site specificity. For exanple, a review
of Tables 1 and 2 shows that the VAM fungal popul ations
associated with the nore volcanic soils in Central O egon were
different than the popul ations of vaM fungi associated with the

| ower elevation, drier sites. However, none of these studies

i ndi cate specificity of VAM nycorrhizal fungus with any one
species of plant, and it would seem that nost VAM fungi can form

mycorrhizae with a diversity of plants. Hence, it appears that

15



t he popul ati ons of VAM fungal species at a site can be considered

as "pool ed inoculum". It also appears that shifts in the
conposition of the vegetation (i.e. disturbance due to fire,
grazing, mning, notor vehicles, etc.) will cause an acconpanying
shift in the VAM fungal conposition, quantitatively and

qualitatively..

16



MANAGEMENT OF DISTURBED LAND W TH RESPECT TO MYCORRHIZAE

In a nycorrhizal association with plants, the fungus is
considered as the obligate synbiont, and, hence, any disturbance
affecting the plant will result in a fungal response (Skujins and
Al en, 1986). In arid and sem -arid regions of western North
Arerica, this relationship between nycorrhizae and | and
di sturbance was initially noted during studies of revegetation of
surface mnes and mne spoils (Christensen and WIlians, 1977;
Stahl et al., 1979; Allen and Allen, 1980; Call and McKell, 1981
Loree and WIlians, 1981; Loree and WIIlians, 1984; Dani el son,
1985). These initial studies, and subsequently others, have
shown that only about 1% of colonizing plants on a disturbed site
are nycorrhizal, whereas on the adjacent, undisturbed sites about
99% are nycorrhizal. Studies have shown that nost successful
pi oneers of disturbed sites and new soils are non-nycorrhiza
plants, and that nmany plants may require VA nycorrhizal infection
in order to colonize disturbed lands (MIler, 1979; Reeves et

al., 1979).

D sturbance of arid lands significantly reduces the inocul um
potential of the soil (i.e. propagules and/or stability of hypha
network) (Reeves et al., 1979). Plants that do not require
nmycorrhizal infection will be successful on disturbed sites

Non- mycot rophi ¢ weeds, such as Salsola kali and Hal oseton

sloneratus can invade disturbed sites rapidly and conpete wth

desired grasses and forbs for water and nutrients. Since many of

17




t he i nvadi ng weed species are non-mnycorrhizal,. w thout host

pl ants' the VAM fungal propagules in the soil may not be able to
per si st. D sturbed sites, invaded by and subsequently dom nated
with weeds, have reported no VAM for up to 10 years. T h e
persi stence of communities of these plants will fail to support
nmycorrhi zal popul ations and thus influence succession of

di sturbed ecosystens (Allen and Allen, 1980).

Various types of disturbances can occur in sem-arid

gr assl ands. Exanpl es of sone disturbance types include: m ni ng,
overgrazing, cultivation, fire, vehicle use, etc. Land
di sturbance will have the follow ng inpact on nycorrhizae:

1) lowers nycorrhizal inoculum potential (disturbance of hyphal
network and fewer propagul es); 2) creates a nutrient pulse

avail able to plants; 3) in early successional stages of
recol oni zation, nonmycorrhizal species will dom nate; 4) success
of non-nycorrhizal species further reduces the propagul es of
mycorrhizal fungi; 5) succession is slowed because of the |ack of

potential nycorrhizal fungi.

Fol | ow ng di sturbance, the processes involved with the
restoration of desirable vegetation nust also involve the
restoration of the mycorrhizal association. The critical phases
in restoration of the association are: 1) survival of residuals
(spores and nycelial network), 2) magration of plant and fungal
propagules to a l|location wherein contact can be nade, and 3) the

environmental characteristics in which establishnent occurs.
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Restoration of disturbed |ands has pronpted a greater

under standi ng of recovery of nycorrhizae into the ecosystem

Met hods used in the re-establishment of VAMin order to pronote
recovery of desired plant conmunities are |and nanagenent,

i nocul ation, and natural processes.

1) . Land Managenent

In situations where land is to be disturbed and degradation
has not yet occurred, proper |and nmanagenent can be an effective
means to preserve VAM and restore desirable plants. Retenti on of
soil organic matter will maintain a soil nutrient supply and wll
help to pronote establishnent and persistence of VAM
Mai nt enance of a continuous vegetational cover will allow a
supply of carbon for fungal survival. Qultivation of Iand
reduces VAM fungal densities and alters their species diversity
(Skujins and Allen, 1986). Tilling of soil wll disrupt hypha
networks and causes vaM spores to deconpose more rapidly. The
use of mninmum tillage (no-till) will aid in the maintenance of
VAMin the soil. Additionally, inorganic fertilizers, especially
super phosphate, should be used with care, since they can

drastically inhibit VvAM formation.

One of the nost successful |and managenent nethods has been

used follow ng disturbance due to nmining. The retention and

respreadi ng of topsoil has been used to reestablish VAM and the

desirabl e plant species.. Alen and Allen (1980) reported that

infection frequency and spore counts were recovered to within 50%

19



of undisturbed sites in 3 years after topsoil was re-spread on
di sturbed sites. \hereas, in a site where topsoil was not
retained, no infection was observed and non-VAM weeds still
predom nated 10 years after reclamation efforts began. Even the
addition of relatively small amounts of fresh topsoil (2-4 cmin
depth) to a site resulted in inproved infectivity (Danielson et

al., 1979; Zak and Parkinson, 1981).

2.Inoculation

Efforts to use VAM fungal inoculum additions to soil and/or
VAM i nocul ated plants in outplantings at disturbed areas have had
[imted success. Lack of techniques for mass production of
inocula, introduction of the correct fungal species into the
appropriate habitats, and expenses involved with the production
and inocul ation procedures have |limted the effectiveness and use

of VAM inocul ati ons

3.Natural Succession
Recent studi es have encouraged the use of natural

successi onal processes to pronote the dispersal and establishnent

of vAM. In arid soils; shrubs establish thenselves in patches or
clunps and form"fertile islands". These islands are also sites
of highest VAM activity. In disturbed areas, the devel opnent of

pat ches conposed of shrubs and grasses should be planted. These
patches will be inoculum focal points from which vegetation and
VAM can spread. Wth greater shrub establishnment, adequate VAM

inoculum wi |l be concentrated to initiate nycorrhizae on |ater

20



successional desirable plants (Allen, 1987).

Rehabi litation of disturbed sites should include techniques

designed to stinulate re-establishnment of VAM synbi osi s.
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RESEARCH RECOMMENDATIONS

Vesi cual ar - ar buscul ar nycorrhizal fungi are essential
conmponents of natural sem-arid |and plant comunities. Many
guestions remain unanswered on VAM in the Col unbia Basin
assessnent, and additional research is needed. Future research
shoul d focus on the roles of nycorrhizal fungi in establishnent
and relative conpetitive abilities -of the inportant native shrub
and bunchgrass as conpared to the alien grasses. In order to
acconplish this, nore know edge is needed on the plant species
and their specific fungal synbionts. Further, it will be
essential to determne for individual species of VAMif there are
ecotypi ¢ adaptations and what is the range of soil and host

pref er ences.
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TABLE 1. VES| CULAR- ARBUSCULAR MYCORRHIZAL SHRUBS FROM SAGEBRUSH- STEPPE HABITAT OF WESTERN | DAHO AND
PARTS OF CENTRAL AND EASTERN OREGON

PLANT COMMONNAME SITE VAM FUNGUS
(IF KNOWN)
ASTERACEAE
Artemisia spinescens Budsage Western Snake River Plains, ID
Artemisia tridentata var. tridentata Basin Big Sagebrush Boise Front, ID Glomus sp.
Artemisia tridentata var. wyomingensis Wyoming Big Sagebrush Western Snake River Plains, ID Glomus microcarpus, Gigaspora Sp.
Chrysothamnus nauseosus Rabbitbrush Boise Front, 1D, Western Snake Glomus sp.
River Plains, ID
Gutierresia sarothrae Broom Snakeweed Western Snake River Plains, ID
Tetradymia glabrata Littleleaf Horsebrush Western Snake River Plains, ID
CHENOPODIACEAE
Atripkx confertifofia Shadscale Western Snake River Plains, 1D
Atripkx nutallii Nutall Saltbrush Western Snake River Plains, ID
Atripkx spinosa Spiny Hopsage Western Snake River Plains, 1D
Ceratoides lanata Winterfat Western Snake River Plains, 1D Glomus microcarpus
RHAMNACEAE
Ceanothus velutinus Snowbrush Central Oregon Gigaspora calospora, Glomus
gerdemannii, Glomus lacteus,
Glomus halonatus
ROSACEAE
Cercocarpus  ledifolius Central Oregon Glomus scintillans
Purshia tridentata Bitterbrush Central Oregon Gigaspara calospora, Glomus
gerdemannii, Glomus lacteus,
Glomus scintillans
P. tridentata Boise Front, ID Glomus sp.
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TABLEZ2. VESICULAR-ARBUSCULAR MYCORRHIZAE OF PERENNIAL GRASSES AND FORBS FROM SAGEBRUSH STEPPE
HABITAT IN WESTERN IDAHO AND PARTS OF EASTERN AND CENTRAL OREGON

PLANT SITE VAM FUNGUS (IF KNOWN)
ASTERACEAE
Achillea millefolium Boise Front, ID
Balsamorhira sagitata Boise Front, ID

BORAGINACEAE

Lithospermum ruderale Boise Front, ID
LILIACEAE

Calochortus sp. Boise Front, ID
POACEAE

Agropyron spicatum Western Snake River Plains, ID

Distichlis stricta Harney Co., OR

Festuca idahoensis Western Snake River Plains, 1D

Festuca idahoensis Hamey Co., OR Glomus fasciculutus, G. tenuis, G. macrocarpus

Festuca idahoensis Wallowa Co., OR Glomus fasciculatus, G. tenuis, G. mosseae, G. microcarpus
Festuca ovina Hamey Co., OR Glomus fasciculatus, G. tenuis, G. microcarpus

Festuca scabrella Hamey Co., OR Glomus tenuis, G. microcarpus, Acaulospora laevis

Festuca scabrella

Festuca viridula

Festuca viridula

Festuca viridula

Wallowa Co., OR
Wallowa Co., OR

Union Co., OR

Columbia Co., WA

Glomus fasciculatus

Glomus fasciculatus, G. tenuis, G. macrocarpus var. macrocarpus, Gigaspora
calospora, Acaulospora |aevis

Glomus fasciculatus, Gigaspora calospora, Acaulospora laevis, Acaulospora
scrobiculota

Glomus fasciculatus, G. tenuis, G. macrocarpus var. macrocarpus, Gigaspora
calospora, Acaulospora scrobiculata
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PLANT

iy

SITE

VAM FUNGUS (IF KNOWN)

Poa snndbrergii
Sitanion hystrix
Stipa comata

Stipa thurberiana

POLEMONIACEAE
Phlox sp.

ROSACEAE

Rosa woodsii

SAXIFRAGACEAE

Lithophragma bulbifera

UMBELLIFERAE

Lomatium triternatum

VIOLACEAE
Viola purpurea

Western Snake River Plains, ID
Western Snake River Plains, ID
Weskrn Snake River Plains, 1D
Western Snake River Plains, ID

Boise Front, ID

Boise Front, ID

Boise Front, ID

Boise Front, ID

Boise Front, ID
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